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1. A method of incorporating nitrogen into a silj^n-oxide- 
containing layer, comprising: 

exposing the silicon-oxide-containing layer tOy/activated nitrogen 
species from a nitrogen-containing plasma to intnrauce nitrogen into the 
layer; the layer being maintained at less thai/or equal to 400°C during 
the exposing; and 

thermally annealing t^ejjytrogej/within the layer to bond at least 
some of the nitrogen to silicon p^ximate the nitrogen. 

2. The method of/claim 1 wherein the layer is maintained at 
a temperature of from 56°C to 400°C during the exposing. 

3. The Bftethod of claim 1 wherein the plasma is maintained 
with a power /» from about 500 watts to about 5000 watts during the 
exposing. 

/4. The method of claim 1 wherein the plasma is maintained 
wifr^i a power of from about 500 watts to about 3000 watts during the 
/xposing. 
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5. The method of claim 1 wherein the exposing occurs wit] 
a reactor, and wherein a pressure within the reactor is fromyabout 
5 mTorr to about 10 mTorr during the exposing. 

6. The method of claim 1 wherein the expo^g occurs for a 
time of less than or equal to about 1 minute. 

7. The method of claim 1 whereiii/the exposing occurs for a 


time of from about 3 seconds yttx about 1/minute. 



8. The method of claim/l wherein the exposing occurs for a 
time of from about 10 seconds^ to about 15 seconds. 

9. The methojj of claim 1 wherein the annealing comprises 
rapid thermal processing at a ramp rate of at least about SO'^C/sec to 
a temperature jzTf less than 1000° C, with such temperature being 
maintained fo/ at least about 30 seconds. 


The method of claim 1 wherein the annealing comprises 
theri^al processing at temperature of less than 1100°C for a time of at 
loast 3 seconds. . ^ — 
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11. A method of forming a nitrogen-enriched region withiiy a 
silicon-oxide-containing layer, comprising: 

providing the silicon-oxide-containing layer over a suj?^rate; the 
layer having an upper surface above the substrate andya lower surface 
on the substrate; 

exposing the layer to activated nitrogen species from a nitrogen- 

/ 

containing plasma to introduce nitrogen into the layer and form a 

/ 

/ 

nitrogen-enriched region, the nitrogen enriched region being only m an 

/ 

/ 

upper half of the silicon-oxide-containing layer; and 

/ 

thermally annealing the nitrogen within the nitrogen-enriched region 

to bond at least some of iho/ nitrogen to silicon proximate the nitrogen; 

/ 

the nitrogen-enriched region remaining confined to the upper half of the 
silicon-oxide-containing/layer during the annealing; the thermal annealing 
comprising either (/L) thermal processing at a temperature of less than 
1100°C for a tinie of at least 3 seconds, or (2) rapid thermal processing 
at a ramp of at least about 50°C/sec to a process temperature of 
less than/1000 °C, with the process temperature being maintained for at 
least about 30 seconds. 


20 


12. Hhe method of claim 11 wherein the nitrogen-enriched region 
is formed on|y in the upper third of the silicon-oxide layer by the 
exposing. 
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13. The method of claim 11 wherein the nitrogen-enriched region 
is formed only in the upper third of the silicon-oxide layer by the 
exposing and remains confined to the upper third of the silicon-oxide 
containing layer during the annealing. 


14. 

is formed oi 
exposing and 


he method of claim 11 wherein the nitrogen-enriched region 
ly in the upper fourth of the silicon-oxide layer by the 
remains confined to the upper fourth of the silicon-oxide 
containing layer during the annealing. 

15. The method of claim 11 wherein the nitrogen-enriched region 
is formed only in the upper fifth of the silicon-oxide layer by the 

] Remains confined to the upper fifth of the silicon-oxide 

I 

during the annealing. 


exposing and 

containing laye:: 


16. The method of claim 11 wherein the layer is maintained at 

1 

a temperature of less than 400°C during the exposing. 


17. The 


method of claim 11 wherein the plasma is maintained 


with a power of| from about 500 watts to about 5000 watts during the 
exposing. 
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8. The method of claim 11 wherein the exposing occurs within 
a reacip, and wherein a pressure within the reactor is from about 
5 mTorr to about 10 mTorr during the exposing. 

I9I The method of claim 11 wherein the exposing occurs for a 
time of less than or equal to about 1 minute. 


20. A method of forming a transistor, comprising/ 
forming a gate oxide layer over a semicondu^ive substrate, the 

gate oxide layer comprising silicon dioxide; 

exposing the gate oxide layer to activajfe€d nitrogen species from a 

nitrogen-containing plasma to introduce nifrogen into the layer, the layer 

being maintained at less than^^^^^qi^^^^ 400 °C during the exposing; 

thermally annealing the nrtiogen within the layer to bond at least 

a majority of the nitrogen W silicon proximate the nitrogen; 

forming at least oire conductive layer over the gate oxide; and 
forming source/drain regions within the semiconductive substrate; 

the source/drain Regions being gatedly connected to one another by the 

conductive lavcr. 

d. The method of claim 20 wherein the conductive layer is 
fo^ed on the gate oxide. 
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12. The method of claim 20 wherein the conductive laj^ is 
formed after the annealing. 

23. The method of claim 20 wherein the sourc^drain regions are 
formed after the annealing. 

24. The method of claim 20 whe^^in the conductive layer and 
source/drain regions are formed after the annealing. 


25. The method of claim 20 wherein the plasma is maintained 
with a power of from ab9m 500 watts to about 5000 watts during the 
exposing. 

26. The/method of claim 20 wherein the exposing occurs within 
a reactor, and wherein a pressure within the reactor is from about 
5 mTorr/to about 10 mTorr during the exposing. 

27. The method of claim 20 wherein the exposing occurs for a 
^time of less than or equal to about 1 minute. 
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28. The method of claim 20 wherein the annealin^omprises 
thermal processing at temperature of less than 1100°C io/ a time of at 
least 3 seconds. 

29. A method of forming a transistor, comprising: 
forming a gate oxide layer over a sendiconductive substrate, the 

gate oxide layer comprising silicon dioxid^ the gate oxide layer having 
an upper surface and a lov/er surface; 

exposing the gate oxide layer lo activated nitrogen species from a 
nitrogen-containing plaspA to /introduce nitrogen into the gate oxide layer 
and form a nitrogen-enJi^hed /egion, the nitrogen enriched region being 
only in an upper half of tl/e gate oxide layer; 

thermally annealin/ the nitrogen within the nitrogen-enriched region 
to bond at least a i^ajority of the nitrogen to silicon proximate the 
nitrogen; the nitrogen-enriched region remaining confined to the upper 
half of the silioon-oxide-containing layer during the annealing; 

formii>g at least one conductive layer over the gate oxide layer; 

and 

x)rming source/drain regions within the semiconductive substrate; 
the/source/drain regions being gatedly connected to one another by the 
nductive layer. 


/ 
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30. The method of claim 29 wherein the nitrogen-enriched regig^ 
is formed only in the upper third of the silicon-oxide layer b^the 
exposing. 

31. The method of claim 29 wherein the nitrogen^nriched region 
is formed only in the upper third of the silicon-o/ide layer by the 
exposing and remains confined to the upper thir^ of the silicon-oxide 
containing layer during the annealing. 


ri 

32. The method of clain^J^9y4^he^in the layer is maintained at 
a temperature of less than 400''C durir^g the exposing. 


33. The method of clai^fe 29 wherein the plasma is maintained 
with a power of from abou)/500 watts to about 5000 w^tts during the 
exposing. 

34. The me/hod of claim 29 wherein the exposing occurs within 
a reactor, and /wherein a pressure within the reactor is from about 
5 mTorr to imout 10 mTorr during the exposing. 

i5. The method of claim 29 wherein the exposing occurs for a 
le of less than or equal to about 1 minute. 
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36. The method of claim 29 wherein the annealing comr 
thermal processing at temperature of less than 1100°C for a/time of at 
least 3 seconds. 

37. The method of claim 29 wherein/fhe conductive layer is 


formed on the gate oxide. 


38. The method of claim/29 wherein the conductive layer is 
formed after the annealing. 


39. The metbdd of claim 29 wherein the source/drain regions are 
formed after the/^nnealing. 


The method of claim 29 wherein the conductive layer and 
souf<^e/drain regions are formed after the annealing. 
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41. A transistor structure, comprising: 

a gate oxide layer over a semiconductive substrate, th^gate oxide 
layer comprising silicon dioxide; the gate oxide lay€r having a 
nitrogen-enriched region which is only in an upper hal0)f the gate oxide 
layer; 

at least one conductive layer over the gat/ oxide layer; and 
source/drain regions within the semiconductive substrate; the 

source/drain regions being gatedly coni^ted to one another by the 

conductive layer. 


t^^of 


42. The structti/e^of >zlaim 41 wherein the conductive layer 
comprises conductive ly-doped/ silicon. 

43. The structure of claim 41 wherein the conductive layer 
comprises p-type copductively-doped silicon. 

44. Tile structure of claim 41 wherein the nitrogen-enriched 
region is only in the upper third of the gate oxide layer. 

45. The structure of claim 41 wherein the nitrogen-enriched 
^gion is only in the upper fourth of the gate oxide layer. 
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46. The structure of claim 41 whereip^he nitrogen-enriched 

^^^^^^ 

region is only in the upper fifth of the g^*ee oxide layer. 


47. The structure of >ela>ih 41 wherein the gate oxide layer is at 
least about 5A thick, and yfierein the nitrogen-enriched region is only 


in 


the upper 50% of th^ gate oxide layer. 
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